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The singlet, triplet, and quintet states of AIB below about 30 000 cm™" are studied theoretically to
facilitate spectroscopic investigations and for comparison with analogous calculations on the Al,
and B, molecules. The ground state of AIB is X 33~ with a dissociation energy of 1.96+0.06 eV.
The A 11 state is computed to lie only 610 cm ™" above the ground state. Since transitions from the
(2’3 state to both the X 3%~ and A 3II states are predicted to be relatively strong, these
transitions in the region of 17 000—18 000 cm™! should be an excellent means of characterizing AIB
and of determining the X —A separation. The adiabatic ionization potential to form the X 3
ground state of AIB* is estimated to be 7.05 eV. Overall the spectroscopy of AIB is much more

similar to Al, than B,.

I. INTRODUCTION

The spectroscopy of jet-cooled Al, has now been well
characterized by  resonant two-photon  ionization
spectroscopy’ and laser-induced fluorescence.” More re-
cently, several new electronic transitions of the B, molecule
were observed by Brazier and Carrick® in emission from a
corona excited supersonic expansion source. For both mo-
lecular systems, the assignment of the experimental spectra
was facilitated by comparison with high-level ab initio
calculations.*® In contrast, to our knowledge the AIB mol-
ecule has not been studied previously either theoretically or
experimentally. It is the purpose of this paper to characterize
the spectroscopy of AIB at the same level as for Al, and B,
to facilitate future spectroscopic studies of this molecule. It
is also of interest to compare AlB with Al, and B,. Alloys
can have very different properties from those of its compo-
nents, and these differences can manifest themselves even
for diatomic systems. For example, the binding energy of
YNi (2.904+0.001 eV)® is significantly larger than that of
either Y, (1.62+0.22 eV)’ or Ni, (2.068+0.010 eV).% In this
case there is a significant enhancement in the strength of the
bonding through donation of 4 electrons from the “d-rich”
Ni atom to the “d-poor”” Y atom.® Although we do not expect
such dramatic effects for simple metals, it is still of interest
to determine whether the properties of AlB are intermediate
to those of Al, and B,.

A significant difference in the spectroscopy of AIB com-
pared with the component homonuclear systems is expected
due to the fact that more transitions are dipole allowed as a
result of the loss of g and ¥ symmetry. For example, transi-
tions from a common upper state, such as (2)°%”, can be
used to determine spectroscopically the small energy differ-
ence between the X *Z~ and A °II states. The fact that the
X M, and A % ¢ states of Al, have different g and u sym-
metries precludes the use of a transition from a common
upper state to determine the very small energy difference
between these states. There is also the possibility of strong
transitions in AIB that have no analog in the homonuclear
systems, such as charge transfer states that are observed,'”
for example, for CuAg, but not for Cu, or Ag,.

The fact that the Al and B atoms both have 2P°(szpl)
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ground states, leads to two triplet states, *II(s%s*po'p ')
and 32 " (s%s2pw?) with comparable energies. For Al,, the
ground state is *TI, by about 200 cm™',"" while for B, the
A 311, state lies more than 3000 cm™! higher than the
X33 ¢ ground state.’ As evidenced by the significantly
larger dissociation energy of B, (Ref. 5) than Al, (Ref. 1) and
the much larger cohesive energy of boron than Al metal,'?
the bonding between the more compact boron atoms is stron-
ger than between aluminum atoms. Another manifestation of
the stronger bonding is the presence of a low-lying
53 (s*s'pa'pn?) state (T,~1700 cm™') for B,, while
this state lies above 12000 cm™' for Al,. There are also
significant differences in the potential curves for many of the
excited states. In this work we study the spectroscopy of AIB
to facilitate spectroscopic studies and to contrast it with the
homonuclear systems.

1. METHODS

Three different Gaussian orbital basis sets are used in
this work. For our study of the spectroscopy of AIB we em-
ploy the atomic natural orbital (ANO) basis sets of Widmark
et al.'’ These sets can be denoted as: Al (17s12p5d4f)/
[55s4p2d1f] and B (1459p4d3f)/[4s3p2d1f]. Basis set
completeness is assessed by comparing the spectroscopic
constants for the X >3~ and A *IT states computed with this
one-particle basis with those using the more complete
correlation-consistent-valence polarized quadruple-zeta and
quintuple-zeta (cc-pVQZ or cc-pV5Z) sets of Dunning and
co-workers.'*!> Only the pure spherical harmonic compo-
nents of the basis functions are used.

The orbitals are optimized using both a single state and a
state-averaged (SA) complete-active-space self-consistent-
field (CASSCEF) approach. More extensive correlation is then
added using the multireference configuration-interaction
(MRCI) approach. All configurations in the CASSCF wave
function are used as references in the MRCI calculations.
The contribution from higher excitations is estimated using
the multireference analog of the Davidson correction, de-
noted + @, and the averaged coupled-pair functional {ACPF)
approach.“’ We used the internal contraction (IC)
procedure!” to keep the CI calculations tractable. The calcu-
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TABLE 1. Calibration calculations for the two lowest states of AIB and AIB~.

X% AT
AlB r.(ag) w,(cm™’) D, (eV) r,(ap) w,{cm™") T (ecm™)
ANO ICMRCI 3.895 593 1.84 4238 483 617
ANO ICMRCI+Q 3.898 592 1.84 4243 482 392
ANO ICACPF 3.897 592 1.84 4242 482 453
cc-pVQZ ICMRCI1 3.861 599 1.92 4.201 487 757
cc-pVQZ ICMRCI+Q 3.863 598 1.92 4.206 485 539
cc-pVSZ ICMRCI 3.856 610 1.94 4.196 496 772
cc-pV5Z ICMRCI+Q 3.857 608 1.94 4.201 494 552
cc-pVSZ ICACPF 3.857 609 1.94 4.199 494 610
AIB* Xz Al
ANO ICMRCI 5.201 245 0.78 4.472 296 3334
lations are performed using the MOLPRO code!™'® on the  vibrational levels in all lower electronic states. If rotational

NAS Facility CRAY C90 computer and the Computational
Chemistry IBM RS/6000 computers.

The 4P(2s'2p2) state of B is 28 800 cm™! above the
2P°(2522p"') ground state.' The next excited state is about
12000 cm™' higher in energy. The Z2S(3s%4s'),
4P(3s'3p?), and ’D(3s?3d') states of Al are 25000,
29000, and 32400 cm™' above the 2P°(3s%3p') ground
state, respectively. However, because the 4s orbital is very
diffuse, the molecular states derived from the Al 25 state are
expected to be only weakly bound. Therefore, the low-lying
states of AIB should be derived from the 2P° + 2p°,
2p° + *P, and *P + 2P° asymptotes. Hence, the active
space was chosen to include the valence s and p orbitals,
which corresponds in C,, symmetry to a (4220) CASSCF
treatment. While all the states derived from these three as-
ymptotes were included in the preliminary SA-CASSCF pro-
cedure, the highest states were removed from the final SA-
CASSCE calculations. For the triplet and singlet manifolds,
10 of the 18 possible states were included, while for the
quintet manifold 8 of the possible 12 states were included.
The most significant limitation of these calculations is the
exclusion of the Al 3d orbital from the active space. As
discussed in our Al, paper,* this active space could underes-
timate the contribution of the Al 2D asymptote to the higher
lying states, and thus these states might be described less
accurately than the lower states.

In this work, we compute Einstein A coefficients (in
s7Y), which can be defined as

Av,vn=2.026><10_6g173, IDu’u"lza (1)

v”

where ¥,/,~ is the transition energy in cm ' between v’ of
the upper state and v” of the lower state, D, is the elec-
tronic transition moment between the v’ and v” levels and g
is a statistical weighting factor, equal to two for Z—IT tran-
sitions and one for all others. The D, » values are computed
numerically using a spline representation of the
ICMRCI potentials and transition moments. Note that rota-
tionless potentials are used throughout, but the influence of
vibration—rotation interactions on the lifetimes is rather
small. The radiative lifetime (7,+) of a vibrational level de-
pends on the sum of the transition probabilities to all lower

effects are neglected, the lifetime can be written as
-1
Tu’z(z Avvvu) . (2)
U"

A simplified procedure was used for bound-free emis-
sion, which involved replacing fzi,v,, and [D,+,«|* in Eq. (1)
by the vertical energy separation for v'=0 and | and tran-
sition moment at ry and r; . The accuracy of this simplified
procedure depends on the shape of the transition moment
function. For the bound-bound transitions where the mo-
ment is smooth and does not change sign in the Franck-
Condon region, this approximation agrees with the results
from Eq. (1) to within a few percent. The poorest agreement
is found for the (2)*3 " —X *3 " transition, where the tran-
sition moment changes sign near r, =~ r, . In this case the
approximate formula yields an A value that is a factor of 30
too small. Because none of the bound-free transition mo-
ments change sign near r, , this simplified approach should
account quantitatively for the relatively small bound-free
contribution to the lifetimes.

Ill. SEPARATE STATE CALCULATIONS FOR THE
LOW-LYING STATES OF AIB AND AIB*

In this section, we describe a series of calibration calcu-
lations for the two low-lying triplet states of AIB, with the
goal of providing the most accurate values possible for the
spectroscopic constants and the X % -4 *II separation. In
addition, we want to determine an economical means of
studying the higher electronic states, where some compro-
mises in the theoretical approach are required. To obtain the
most accurate spectroscopic constants we optimize the orbit-
als separately for the X *% ™ and A *II states using a (4220)
active space. The ICMRCI and ICACPF results in the three
basis sets described in the previous section are summarized
in Table L

Higher excitations increase slightly the bond length of
both states, decrease the T,(A D) value by =200 cm™ ',
and have essentially no effect on either D, or w,. Since
these effects are small, we do not report + Q corrections for
the higher-lying excited states. Improving the basis set in-
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TABLE I1. Spectroscopic constants for the electronic states of AlIB com-
puted using the SA-CASSCF/ICMRCI method and ANO basis.

State r.(ag) AGp{em™") ) T,(cm™ H
X33 3.893 588 0
A 4234 481 523
(D'A 3.964 540 4207
n's* 4.553 314 4872
(1y'n 4.304 442 5264
(ys" 3.720 736 8823
@'zt 4.305 508 8867
(n’A repulsive®
()" 3.873 520 17787
(13s* repulsive
rn repulsive®
(I)']Z_ repulsive
3rn 3.921 882 23383
(2°A 4.123 729 23455
2z 4.101 673 25434
3y 3.865 691 25453
2)’A 4.162 465 25716
'n repulsive
3)'n 3.633 718 26731
(H*A 4,161 531 27867
(1y°s* 4.177 523 28566
2y’ 4.334 460 29135
(3)'s* 4210 442 30768
2)'s" 3.868 746 30826
()11 3.972 549 31288
(2’1 repulsive

2At this level of theory there is a very shallow well at r=4.08 ag, which is
17 010 cm™' above the ground state——see Fig. 1.

At this level of theory there is a very shallow well at r=3.69 a,, which is
20241 cm™ ' above the ground state—see Fig. 1.

creases the T, value and decreases the r, values slightly. The
dissociation energy increases with basis set improvement.
The D, value of 1.94 eV obtained with the cc-pV5Z basis is
probably still at least 0.02 eV from the basis set limit. We
also expect that inner-shell correlation will increase D,
slightly. On the basis of comparable calculations for Al, and
B, and the experimental value for Al,, we estimate D, for
AIB to be 1.96%0.06 eV, which is very close to the average
of the results for Al, (1.34+0.06 eV)' and B, (2.85%+0.06
eV).” Our best T, value (610 cm™ ) is obtained at the ACPF
level in the cc-pV5Z basis set. The uncertainties in T, are
sufficiently small that the ground state can be definitively
assigned as X * . By taking one half the error in the r,
values of our best valence treatments of Al, and B, compared
with experiment, we estimate that the true r, value for the
X 337 state of AIB is about 3.81 ag. Most of the difference
between this value and our best calculated value is due to
inner-shell correlation effects.

For our study of the higher-lying excited states of AlB,
we have for reasons of economy used the ANO basis sets.
Compared with the very complete cc-pV5Z basis, this intro-
duces errors of approximately 0.04 ag inr,, 16 em™lin w,
and 0.1 eV in D, for the X 33,7 state spectroscopic constants
and about 150 cm ™' in the T, for the A I state. A compari-
son of the single state results in Table I with the state-
averaged results in Table IT shows that the use of state aver-
aging in the CASSCF introduces very small errors in the
spectroscopic constants and about 100 em™ ! in T,(A ).
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FIG. 1. Potential energy curves for the triplet states of AlB. The 3% states
are denoted by solid lines, the *II states by dotted lines, the 3A states by
dot—dashed lines, and the >X* states by the dashed lines.

We feel that these errors are sufficiently small that the SA-
CASSCF/ICMRCI approach in the ANO basis will give re-
alistic potential curves for the higher-lying states.

To study AIB using resonant two-photon ionization spec-
troscopy, it is necessary to have an estimate for the ionization
potential (IP). Using the ANO basis set and an analogous
treatment of electron correlation, we studied the two lowest
doublet states of AIB*—see Table 1. The ground state is
X 3%, in analogy with ALy (Ref. 20) and B; (Ref. 21). The
A 11 state is calculated to lie slightly more than 3300 cm™!
higher at this level of treatment. The r, for the X 237 state is
considerably longer than the A 211 state, because it has one
more o electron. With only one bonding electron, AIB” is
significantly less bound than AIB and the X 23.* and A 11
r, values are both significantly longer than those of the neu-
tral states. The directly computed IP of 6.95 eV, is expected
to be too small considering the error in the calculated IP of
Al atom. Using the experimental IP'® of Al to position the
asymptotes yields our best estimate of 7.05 eV for the adia-
batic IP of AlB.

IV. THE HIGHER-LYING STATES OF AIB

The triplet, singlet, and quintet states are plotted in Figs.
1-3, respectively, and the spectroscopic constants are sum-
marized in Table . A comparison with the analogous poten-
tial energy curves for Al, and B, shows that AIB has a
greater similarity to Al,. For example, the 3%~ =3I separa-
tion of 523 cm™ is much closer to Al, (=227 cm™') than B,
(3380 cm™"). Another indication is that the 33,7 state lies
8823 cm™! above the ground state for AIB compared with
1833 cm™! for B, and 12317 cm™' for Al,. The (1)*A,,
(1’3}, (1)’ and (1)'Z; states are all bound for B,
and repulsive for Al,. For AlB the corresponding states are
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FIG. 2. Potential energy curves for the singlet states of AIB. The 'S~ states
are denoted by solid lines, the 'IT states by dotted lines, the 'A states by
dot—dashed lines, and the 'S * states by the dashed lines.

largely repulsive, with the (1)’XZ* and (1)*A states having
very shallow wells lying above the asymptote. Thus, while
AIB has properties intermediate between Al, and B,, it is
more similar to Al,.

The variation in r, values of the electronic states of AIB
can be related to their principal occupations. While the
A 3]—1(5’282‘00’11777') and X 3ZA(szszpﬂ'z) states both have
a bond order of one, the extra ¢ electron results in an r,
value that is 0.34 a, longer for the A *IT state. The (1)'TI
state has the same occupation as the A *I1 state, but has a
smaller binding energy and larger r, value due to the loss of
exchange energy. The (1)'A state is derived from the same
occupation as the X >3~ state and therefore has a relatively
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FIG. 3. Potential energy curves for the quintet states of AIB. The °3 ~ states
are denoted by solid lines, the *TT states by dotted lines, the A state by
dot-dashed line, and the *3 * state by the dashed line.

short bond length. The (1)'S" state is dominated by the
stzpﬂz occupation at shorter r values and by the s°s2po?
occupation at longer r values. The avoided crossing that oc-
curs between the (1)'S* and (2)'S" states is similar to that
observed for Al,. The bond lengths for both '3 * states are
substantially longer than the (1)'A state due to the contribu-
tion to both states from the s2s2pg? occupation where all of
the electrons are in the o space. The >3, “(s%s'palpm?) state
has one of the shortest bond lengths of any of the states
considered, as a consequence of having a bond order of 1.5
and two electrons in the p# orbital. The higher lying states
tend to have longer bond lengths due to the partial occupa-
tion of the 27* orbital. One notable exception is the

TABLE II1. The lifetime of each excited state and contribution (reported as | 0/2A,) to this lifetime from each
lower state. Decay to the X >3, A *I1, and (2’3" states is computed rigorously, while the contributions from
the repulsive (2)’T1, (1)*Z*. and (1)°A states are computed using the approximate formula (see the text).

Contributions {us)

Upper state Total lifetime (us) X 33° Al (2)%3~ 21 (s (1ya
v'=0
2’z 14.704 32820  26.640
(2)’s* 0.335 0.356 15.358 8.843
3rn 0.595 2.328 0.880  14.620 222398 134377 29.298
(2)a 0.297 0.307 38.729 6316
(3% 0.208 0.620 0.330 6.374 108 235.0
v'=1
2)°s- 6.392 8.172  29.340
(2y’s* 0.327 0.378 10.102 6.400
3N 0.382 2.524 0481  13.250 99.334 69.784  23.324
(2)°A 0.304 0.317 63.643 8.681
(3’5" 0.182 0.447 0.324 6.710 14 649.0
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TABLE 1V. Franck-Condon factors for decay from the v’ =0 level of the upper states to the A Mand X *%~

states.
ATl X33
Upper state v” 0 1 2 3 4 5 0 1
o 0.127 0.207 0.209 0.167 0.117 0074 0994 0.003
@yt 0.713 0.251 0.034 0.001 0.000 0.000
3)rn 0.120 0254 0273 0.196  0.103 0040 0966  0.012
ra 0747  0.233 0.018 0.000 0.000  0.000
3y 0.071 0.167 0.215 0.199 0.148 0.094 0975 0.024

(3)'II(s%s'p7*) state, which has three bonding p7 elec-
trons.

The small energy separation and large difference in the
r, values of the X 3%~ and A ’TI states results in a long
radiative lifetime of 0.21 s for the v’ =0 level of the A *II
state. Therefore this band system is probably more amenable
to absorption rather than emission studies. The transition mo-
ment of about 0.35 a.u. in the Franck—Condon region results
in a modest (greater than 4X 10—5) oscillator strength for the
00, 10, and 20 transitions. That is, the intensity of
these transitions are comparable to that of a strong (greater
than 100 km/mol) vibrational transition. Hence, it may be
possible to directly measure the > ~ - *II separation for AIB,
whereas the very small separation in Al, has to date pre-
cluded a direct measurement. However, observing emission
to these low-lying states from a common upper state offers
another attractive possibility of accurately determining this
state separation.

The radiative lifetimes for the v' =0 and 1 levels of all
bound triplet states lying between about 17 000-26 000
cm” ! are summarized in Table III. We have also decomposed
the lifetimes into their individual components to identify the
strongest band systems. The bound-free contribution is com-
puted using our approximate procedure, but never makes a
substantial contribution to the lifetimes for v’ =0 or 1. The
Franck—-Condon factors for decay from the v'=0 level of
these states are given in Table IV. This work clearly identi-
fies several band systems that should be readily observable
spectroscopically. We consider these band systems in detail.

The (2)°3 " state is dipole connected to both the X 3%
and A 11 states, and both transitions are reasonably strong.
Although the (2)’S™ and X *3 7 states have similar r, val-
ues, the (2)*3 " —X 2 transition is not dominated by a
Av =0 sequence, because the electronic transition moment
changes sign very near r, (see Table V, where the transition
moments at 3.8, 4.0, and 4.2 a, are tabulated). This results in
stronger transitions for 2—0 and 1—0 than 0—0, and like-
wise stronger transitions for 1—0 and 1—2 than 1—1. The
large difference in bond lengths between the A 3 and
(2)’S ™ states results in several strong transitions for the
{ 2)32 ~—A *II band system. This is well illustrated by the
Franck—Condon factors in Table 1V. The lifetime of the
v’ =0 level is 14.7 us and is determined almost equally by
decay to the X *%~ and A *TI states, while the lifetime of
the v' =1 level is determined predominantly by decay to the
X 33~ state—see Table III. The (2)°2 " state is crossed near
r, by the repulsive (1)'S” state, which is mostly of

[

s’s’pm'pm*! parentage with some contribution from

s2s'po'pm?, the dominant occupation of the (2)’% state.
However, the (2)°%” and (1)'2" states are not coupled di-
rectly by the spin—orbit operator, so that at most only weak
perturbations are expected by this crossing.

The lifetimes of the v’ =0 and 1 levels of the (2)’%*
state are given in Table III. The bound-free transitions to the
repulsive (1)*3* and (2)°I1 states shorten the lifetime by 6%
and 13% for v’ =0 and 1, respectively. The Franck—Condon
factors for v’ =0 are given in Table IV.

The calculated lifetimes for the v’ =0 and 1 levels of the
(3)°I1 state are 0.595 and 0.382 us including bound-free
transitions, which do not significantly contribute to the life-
times. The Franck—Condon factors for v’ =0 given in Table
IV indicate that the (3)’IT—A *TI intensity will be spread
over a rather broad wavelength region. While the
(3)’I1—A I transition makes the largest contribution to
the lifetime, the similar bond lengths for the (3)’I and
X 3% states results in the (3)°II—X '3~ 0-0 transition
having the largest A value of any of the v'=0 transitions.
Even though the (3)’I1-(2)°2 " separation is rather small,
this transition is reasonably strong and occurs in a narrow
wavelength region due to the small difference in r, values
for the two states.

TABLE V. The SA-CASSCF/ICMRCI transition moments® (in a.n.) at
r=3.8, 4.0, and 4.2 a,, computed using the ANO basis set.

Transition 38 4.0 4.2
(2’27 -x 33" —0.044 070 0.043 548 0.177 783
(2’2 -A%N 0.063 818 0.026 336 -0.010 173
(2)’5%-AM 0.270 446 0.238 572 0.192 728
@Pzr-2yn 0.235 809 0.286 712 0.229 411
Pt -(1)’s* 0.397 004 0.403 490 0.359 557
(3)°’I-x33° 0.112 049 0.138 339 0.115 948
(3)’M-A N1 0.440 040 0.029 266 —-0.213 026
(BPI-(2)°z~ 0510111 0.396 396 0.267 845
3Yn-2) 0.115814 0.243 276 0.277 800
3Pn-y’z* 0.097 846 0.202773 0.181 511
3Pr-a)’a 0.202 984 0.133 671 0.054 086
(2)*A-A T 0.286 905 0.272 354 0.246 304
2)*A-2)°’I1 0.054 655 0.185 561 0.208 404
(2PA-(1°A 0.387 142 0.430478 0.416 761
3T -x%" —0.270 494 -0.058 528 0.129 783
3= -A'M 0.232 453 0.244 365 0.239 925
(3Ys -2’3 0.434 791 0.367 653 0.249 398
(35 -1 0.007 171 —0.034 299 —~0.068 875

*The transition moments are given in their Cartesian form; the *A-"T1 mo-
ments are v2 times smaller than for complex orbitals.
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FIG. 4. The 1/r potential curves derived from the Al"+B* and Al*+B~
asymptotes (the dashed lines) along with the >3~ states (the solid lines) and
the *I1 states (the dotted lines).

There are several decay channels for the (2)°A state. The
(2)’A—(1)°A bound-free transition is estimated to reduce the
lifetime of the (2)°A state by about 3%, whereas the bound-
free (2)°A—(2)*I transition contributes little to the lifetime.
The (2)3A—A 3IT bound-bound transition is the dominant
decay channet.

The radiative lifetimes of the v’ =0 and | levels of the
(3)°3" state are computed to be 0.208 and 0.182 S, respec-
tively. While most of the decay occurs to the A I1 state, the
strongest transition from v’ =0 is to the v”"=0 level of the
X 337 state, because of the similar bond lengths. In contrast,
the significant Franck—Condon factors for transitions from
the v'=0 level to the A *II state are spread over seven
transitions—see Table IV. The Av=0 transitions to the
(2)°%" state are also reasonably strong, while the repulsive
(2)°11 state contributes very little to the lifetime.

The lowest A1* +B™~ asymptote lies 5.709 eV above the
ground state asymptote and gives rise to a *IT and a 33~
state. The second charge transfer asymptote Al”+B™ lies at
7.857 eV. While these ionic asymptotes are significantly
higher in energy than the P° + *P and *P + 2P° asymp-
totes, the 1/r electrostatic stabilization energy places these
charge transfer states at reasonably low energies; see Fig. 4
where the 1/r potentials derived from the Al*+B~ and
Al"+B”" asymptotes are plotted along with the *IT and
3%~ states. There is evidence for charge transfer states at
longer r values, where the dipole moments of the (2)°3,~ and
(3)°I states are very steep and correspond to an Al*+B~
charge distribution; this is consistent with the 1/r potential
for this asymptote being very close to these states at large
r—see Fig. 4. While these dipole moments have a large slope

at longer r values, these dipole moments go to zero asymp-
totically, because the *P + 2P° and 2P° + 4p asymptotes
lie below the ionic limits. We also note that the (3)°S~ state
has a very steep dipole moment at longer r, which corre-
sponds to Al”+B" as expected based on the 1/r potential
derived from this asymptote. Since the computed lifetimes
for the >~ and *I1 states of AIB are very similar to those of
Al,, the radiative lifetimes of the low-lying states do not
reflect any significant charge transfer contribution. There-
fore, either the charge-transfer states lie higher than those
considered in this work, which is unlikely based on the plots
in Fig. 4, or their contribution is spread over several states
and not easily identified.

V. CONCLUSIONS

While the dissociation energy of AIB is approximately
midway between B, and Al,, the electronic states of AIB are
observed to more closely resemble those of Al, than B,.
Radiative lifetimes and Franck-Condon factors are pre-
sented for several band systems to aid experimental spectro-
scopic studies of this molecule. The ionization potential is
also computed to facilitate resonant two-photon ionization
experiments. We predict that it should be possible to deter-
mine the A >TT-X ’3~ separation by observing decay from
a common upper state.
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